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For: METHOD FOR OSCILLATION OF 
AN OSCILLATION IN AN 
ELECTRICAL POWER SUPPLY 
SYSTEM 



PRELIMINARY AMENDMENT 



BOX PCX 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination on the merits, please amend this application as follows: 
In the Claims: 

What is claimed is: 

1 . (Amended) A method for producing at least one signal, which indicates an oscillation 
in an electrical power supply system, comprising: 

sampling a phase current and a phase voltage from at least one phase of the power supply 
system, forming phase current and phase voltage sample values; 

forming impedance values from the phase current and phase voltage sample values; 

monitoring the impedance values for an oscillation and, if an oscillation is identified, at 
least one memory element is set, and the oscillation signal is output; 

checking other impedance values to determine whether the oscillation is still continuing 
after setting the memory element; and 
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resetting the memory element if the oscillation has stopped, wherein 

the check of the other impedance values uses an oscillation model which is formed from 
previous impedance values associated with the oscillation, or from variables which are 
dependent on the impedance values, 

a check is performed to determine whether other impedance values formed or a variable 
which is dependent on the other impedance values differ from the oscillation model, and 

an occurrence of other impedance values or of a variable dependent on the impedance 
values which differs from the oscillation model is assessed as the oscillation having stopped. 

2. (Amended) The method as claimed in claim 1 , wherein the oscillation model is 
determined by means of a least squares estimation method. 

3. (Amended) The method as claimed in claim 2, wherein a function in the form 
f(x)=ax"^+bx^+cx+d with the parameters a, b, c and d, for which one or more parameters can be 
defined to be zero from the start, or 

a sum of decaying sine and cosine fimctions is used as the model rule for the oscillation 

model- 

4. (Amended) The method as claimed in claim 1, wherein resistance values are used as 
the variable dependent on the impedance values. 

5. (Amended) The method as claimed in claim 1, wherein reactance values are used as 
the variable dependent on the impedance values. 

6. (Amended) The method as claimed in claim 1, wherein time derivative values of the 
impedance are used as the variable dependent on the impedance values. 

7. (Amended) The method as claimed in claim 1, wherein time derivative values of a 
resistance are used as the variable dependent on the impedance values. 
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8. (Amended) The method as claimed in claim 1, wherein time derivative values of a 
reactance are used as the variable dependent on the impedance values. 

9. (Amended) The method as claimed in claim 1, wherein positive phase sequence 
system impedance values are formed from the phase current and phase voltage sample values, 
and a common memory element is provided, and a common oscillation signal is produced, for all 
the phases in the power supply system. 

10. (Amended) The method as claimed in claim 1, wherein phase impedance values are 
formed from the phase current and phase voltage sample values of each phase of the power 
supply system to be investigated for oscillation, and a dedicated memory element is provided, 
and a dedicated oscillation signal is produced, for each of these phases. 

1 1 . (Amended) The method as claimed in claim 10, wherein a variable U re including the 
real part of the phase voltage sample values, a variable U im including the imaginary part of the 
phase voltage sample values, a variable I re including the real part of the phase current sample 
values and a variable l im including the imaginary part of the phase current sample values are 
formed from the phase current and phase voltage sample values (i, u) for each phase, 

a phase real power variable P is determined from P = U_reT_re — U_imT_im, 
a phase Wattless component variable Q is determined from Q = U_imT re -f U_imT_re, 
a squared phase current amplitude variable is determined from = I reT re + 
I__imT_im, 

system-frequency components are removed by means of a least squares estimation 
method from the phase real power variable P, from the phase wattless component variable Q and 
from the squared phase current amplitude variable I^, and 

phase resistance values R are determined from R=P/I^ and phase reactance values X are 
determined from X=QA^, and phase impedance values Z=R+jX are thus determined. 

In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 
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REMARKS 



Amendments to the specification have been made and are submitted herewith in the 
attached Substitute Specification. A clean copy of the specification and a marked-up version 
showing the changes made are attached herewith. The claims and abstract have been amended in 
the attached Preliminary Amendment. All amendments have been made to place the application 
in proper U.S. format and to conform with proper grammatical and idiomatic English. None of 
the amendments herein are made for reasons related to patentability. No new matter has been 
added. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned "Version with markings to show changes made ''. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicant petitions for 
any required relief including extensions of time and authorizes the Commissioner to charge the 
cost of such petitions and/or other fees due in cormection with the fihng of this document to 
Deposit Account No. 03-1952 referencing docket no. 449122014800 . However, the 
Commissioner is not authorized to charge the cost of the issue fee to the Deposit Account. 



Respectfully submitted. 



Dated: 



April 1,2002 




Kevin R. Spivak 
Registration No. 43,148 



Morrison & FoersterLLP 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6924 
Facsimile: (202) 263-8396 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

For the convenience of the Examiner, the changes made are shown below with deleted 

text in strikethrough and added text in underline. 

In the Claims: 

Patent claims 
What is claimed is: 

1 . (Amended) A method for producing at least one signal (oscillation signal Pd) , which 
indicates an oscillation in an electrical power supply system, in which m e tho d comprising: 

fee sampling a p hase current and the a phase voltage ar e in e ach cas e sampled from at 
least one phase of the power supply system, forming phase current and phase voltage sample 
values (i, u),; 

forming impedance values are form ed-from the phase current and phase voltage sample 
values^; 

monitoring the impedance values ar e monitor e d for th e pres e nc e of any an oscillation 
and, if an oscillation is identified, at least one memory element (Sp) is set, and the oscillation 
signal (Pd) is outpu t at its output,; 

after setting the memory e l e m e nt (Sp). c hecking other furth e r impedance values e^te 
ch e cked to determine whether the oscillation that has b ee n found is still continuin g after setting 
the memory element?: and 

the memor>^ olement (Sp) r e mains uninflu o nc c d if the oscillation continu e s, and resetting 
the memory element is reset if the oscillation has stopped, wherein 
charact e rized in that 

the check of the furth e r other impedance values makes use of uses an oscillation model 
which is formed from previous impedance values associated with the oscillation, or from 
variables which are dependent on feese the impedance values, 

a check is carriod out performed t o determine whether a fiirth e r other impedance values 
formed at that time or a variable which is dependent on this fiirth e r the other impedance values 
differ from the oscillation model, and 




aiiy an occurrence of a furth e r other impedance values or of a variable dependent on this 
the impedance values which differs from the oscillation model is assessed as the oscillation 
having stopped. 

2. (Amended) The method as claimed in claim 1 , wherein charact e rized in that 
the oscillation model is determined by means of a least squares estimation method. 

3. (Amended) The method as claimed in claim 2, wherein charact e riz e d in that 

a function in the form f(x)=ax^+bx^+cx+d with the parameters a, b, c and d, for which 
one or more parameters can be defined to be zero fi*om the start, or 

a sum of decaying sine and cosine functions is used as the model rule for the oscillation 

model. 

4. (Amended) The method as claimed in on e of claims 1 to 3, charact e riz e d in that, clmm 
1, wherein r esistance values (R^are used as the variable dependent on the impedance values. 

5. (Amended) The method as claimed in on e of claims 1 to 3, characterizod in that claim 
L wherein reactance values (X)-are used as the variable dependent on the impedance values. 

6. (Amended) The method as claimed in on e of claims 1 to 3, characterized in that claim 
1 , wherein time derivative values (dZ/dt) of the impedance are used as the variable dependent on 
the impedance values. 

7. (Amended) The method as claimed in on e of claims 1 to 3, charact e rized in tha t_claiin 
1. wherein t ime derivative values (dR/dt) of a resistance are used as the variable dependent on 
the impedance values. 

8. (Amiended) The method as claimed in one of claims 1 to 3, charact e riz e d in that_ claim 
1, wherein time derivative values (dX/dt) o f a reactance are used as the variable dependent on the 
impedance values. 
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9. (Amended) The method as claimed in on e of claims 1 to 8, charact e rized in that _claim 
L wherein positive phase sequence system impedance values are formed from the phase current 
and phase voltage sample value s (i, u) , and a common memory element (Sp) is provided, and a 
common oscillation signal is produced, for all the phases in the power supply system. 

1 0. (Amended) The method as claimed in one of claims 1 to 8, charactorizod in thatj clmm 
K wherein phase impedance values are formed from the phase current and phase voltage sample 
values (i^-tt) of each phase of the power supply system to be investigated for oscillation, and a 
dedicated memory element (Sp) is provided, and a dedicated oscillation signal (Pd) is produced, 
for each of these phases. 

1 1 . (Amended) The method as claimed in claim 10, charact e rized in tha t wherein 
in ord e r to form the phase impedanc e valu e s, 

a variable U re containing including the real part of the phase voltage sample values, a 
variable U_im containing including the imaginary part of the phase voltage sample values, a 
variable I re containing including the real part of the phase current sample values and a variable 
T im containing including the imaginary part of the phase current sample values are formed from 
the phase current and phase voltage sample values (i, u) for each phase, 

a phase real power variable P is determined from P = U_re-I_re - U_im l_im^ 
a phase Wattless component variable Q is determined from Q = U_im l_re + U im l_re^ 
a squared phase current amplitude variable is determined from = I_re l_re + 
I_im-I_imi 

system-frequency components are in e ach case removed by means of a least squares 
estimation method from the phase real power variable P, from the phase wattless component 
variable Q and from the squared phase current amplitude variable I^, and 

phase resistance values R are determined from R=P/I^ and phase reactance values X are 
determined from X=Q/I^, and phase impedance values Z=R+jX are thus determined. 

In the Abstract: 

Please replace the Abstract with the substitute Abstract attached hereto. 
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METHOD FOR IDENTIFICATION OF AN OSCILLATION IN AN ELECTRICAL 

POWER SUPPLY SYSTEM 

Abstract 

The invention relates to a method for producing at least one signal (oscillation signal), 
which indicates an oscillation in an electrical power supply system, hi order to allow the 
oscillation behavior of an electrical power system to be detected safely and reliably at all times, 
an oscillation model is used which is formed from previous impedance values associated with the 
oscillation, or from variables dependent on these impedance values. A check is carried out to 
determine whether a further impedance value formed at that time or a variable which is 
dependent on this further impedance value differs from the oscillation model, and any occurrence 
of a further impedance value or of a variable dependent on this impedance value which differs 
from the oscillation model is assessed as the oscillation having stopped. 
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Substitute Specification 

(Clean Copy) 
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METHOD FOR IDENTIFICATION OF AN OSCILLATION IN AN 
ELECTRICAL POWER SUPPLY SYSTEM 

CLAIM FOR PRIORITY 
5 This application claims priority to International 

Application No. PCT/DEOO/03434 which was filed in the 
German language on September 27, 2 000. 

TECHNICAL FIELD OF THE INVENTION 
10 The invention relates to a method for producing at 

least one signal (oscillation signal) , which indicates 
an oscillation in an electrical power supply system. 

BACKGROUND OF THE INVENTION 
15 German Laid-Open Specification DE 195 03 626 Al 

describes a method of identifying an oscillation. In 
this method, once a memory element has been set, 
further impedance values are checked to determine 
whether the oscillation that has been found is still 
20 continuing, by determining the rate of change of the 
magnitude of respectively successive impedance values. 
If it is found that the rate of change is above a limit 
value, this identifies that the oscillation has 
stopped, and the memory element is reset. It is 
25 difficult to define such a limit value, particularly 
when a large number of generators are connected in the 
power supply networks, and " complex oscillations can: 
thus occur. 

SUMMARY OF THE INVENTION 
30 The invention relates to a method for producing at 

least one signal (oscillation signal) , which indicates 
an oscillation in an electrical power supply system, in 
which method the phase current and the phase voltage 
are in each case sampled from at least one phase of the 
35 power supply system, forming phase current and phase 
voltage sample values, impedance values are formed from 
the phase current and phase voltage sample values, the 
impedance values are monitored for the presence of any 
oscillation and, if an oscillation is identified, at 



least one memoiTY element is set, and the oscillation 
signal is output at its output, after setting the 
memory element, further impedance values are checked to 
determine whether the oscillation that has been found 
5 is still continuing, the memory element remains 
uninfluenced if the oscillation continues, and the 
memory element is reset if the oscillation has stopped. 

The invention specifies a method of detecting the 
oscillation behavior of an electrical power supply 

10 system in a safe and reliable manner . 

In one embodiment of the invention, there is a 
method that checks the impedance values and makes use 
of an oscillation model which is formed from previous 
impedance values associated with the oscillation, or 

15 from variables which are dependent on these impedance 
values. A check is then carried out to determine 
whether a further impedance value formed at that time 
or a variable which is dependent on the further 
impedance value differs from the oscillation model, and 

2 0 any occurrence of a further impedance value or of a 

variable dependent on this impedance value which 
differs from the oscillation model is assessed as the 
oscillation having stopped. 

One advantage of the method according to the 
25 invention is that the oscillation model allows even 
complex oscillations to be described, and it is thus 
possible to identify that the oscillation has stopped 
with a high level of reliability even in the case of 
such complex oscillations. 

3 0 The oscillation model can advantageously be 

determined by means of a least squares estimation 
method. This estimation method allows a mathematical 
oscillation model to be produced from successive 
impedance values which have been formed after the 
35 setting of the memory element, that is to say after the 
start of the oscillation. 

A function in the form f (x) = ax"^+bx^+cx+d with the 
parameters a, b, c and d can be used as the model rule 
for the oscillation model, in which one or more 
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parameters can be defined to be zero before the start 
of the estimation method. First, second or third order 
power functions can be used as the model rule. 
Furthermore, a sum of sine and cosine functions, which 
5 decay with time, can be used as the model rule for the 
oscillation model. These model rules make it possible 
to describe even complex oscillations mathematically. 

The oscillation model can be formed directly for 
the determined impedance values of the oscillation, or 

10 else for variables dependent on these impedance values. 
Resistance values R, reactance values X, time 
derivative values dZ/dt of the impedance, time 
derivative values dR/dt of a resistance or time 
derivative values dX/dt of a reactance can be used as 

15 dependent variables. Choice of the most suitable 
variable for the oscillation model makes it possible to 
determine with a high level of reliability that the 
oscillation has stopped, with the choice of the 
variable being dependent on the individual system 

2 0 configuration of the electrical power supply system. 

In one advantageous embodiment of the invention, 
positive phase sequence system impedance values can be 
formed from the phase current and phase voltage sample 
values, and a common memory element can be provided, 
25 and a common oscillation signal can be produced, for 
the phases in the power supply system. This variant can 
be used when the aim is to make a statement relating to 
any oscillation occurring at the same time in all the 
phases in the power supply system. 

3 0 In a further embodiment of the method according to 

the invention, phase impedance values are formed from 
the phase current and phase voltage sample values of 
each phase of the power supply system to be 
investigated for oscillation, and a dedicated memory 
35 element is provided, and a dedicated oscillation signal 
is produced, for each of these phases. In this 
embodiment, the oscillation response of each individual 
phase in the power supply system can be investigated 
separately. That is, both the starting and the 



stopping of an oscillation are identified. This is 
particularly advantageous when oscillations occur in a 
single phase, but not in all the phases, in the power 
supply system. Oscillations such as these frequently 
5 occur in the case of so-called single-pole pauses in 
high-voltage systems. Single-pole pauses are produced 
by single-pole conductor ground faults, which can be 
expected frequently in high- voltage systems, and in 
which an arc is struck between one conductor and 

10 ground. In this type of fault, a single-pole pause is 
produced. That is, the single phase in which the 
single-pole conductor-ground fault has occurred is 
switched off briefly. The arc is thus quenched, and the 
fault is frequently corrected. Switching off a single 

15 pole of one phase can result in oscillations occurring 
in the remaining phases which are not switched off. 
These oscillations cannot be identified, for example, 
by monitoring the positive phase sequence system 
impedance values, since positive phase sequence system 

2 0 impedance values are formed when sample values are 

available for the phases in the power supply system. In 
the case of a single-pole pause, it is advantageous to 
be able to produce a dedicated oscillation signal for 
each phase in the power supply system. During the 
25 single-pole pause, this oscillation signal is produced 
for those phases which are not switched off. The 
oscillation behavior of the power supply system can 
thus be determined individually for each phase, and 
independently of the state of the other phases. 

3 0 The phase impedance values of the individual 

phases in the electrical power supply system can, for 
example, be formed by, in order to form the phase 
impedance values, 

a variable U_re including the real part of the 
35 phase voltage sample values, a variable U_im including 
the imaginary part of the phase voltage sample values, 
a variable I_re including the real part of the phase 
current sample values and a variable I_im including the 
imaginary part of the phase current sample values being 



formed from the phase current and phase voltage sample 

values (i, u) for each phase, 

a phase real power variable P being determined 
from P = U__re - I_re - U_im-I_im, 
5 - a phase wattless component variable Q being 
determined from Q = U_im-I_re + U_im-I_re, 
a squared phase current amplitude variable 
being determined from = I_re • I_re + I_im'I_im, 
system- frequency components in each case being 
10 removed by means of least squares estimation 

method from the phase real power variable P, from 
the phase wattless component variable Q and from 
the squared phase current amplitude variable 1^ , 
and 

15 - phase resistance values R being determined from 
R=P/I^ and phase reactance values X being 
determined from X=Q/l^, and phase impedance values 
Z=R+jX being thus determined . 

20 When forming the phase impedance values, it is 

advantageous to remove the system frequency components 
(for example 50 Hz components) from the phase real 
power variable P, from the phase wattless component 
variable Q and from the squared phase current amplitude 

25 variable by means a least squares estimation method 
in each case. Such system frequency interference 
components would adversely affect the evaluation of the 
phase impedance values determined from these variables . 

3 0 BRIEF DESCRIPTION OF THE DRAWINGS 

In order to explain the invention further. 
Figure 1 shows a block diagram of an exemplary 
embodiment of the method according to the invention. 

Figure 2 shows a block diagram for determining the 
3 5 phase impedance values. 

Figure 3 shows the impulse response of the filters 
used for impedance determination. 

Figure 4 shows the real power and wattless 
component variable profiles before filtering. 
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Figure 5 shows the real power and wattless 
component variable profiles after filtering. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
5 Figure 1 shows, schematically, a method for 

determining the oscillation behavior of a three-phase 
electrical power supply system, by means of which a 
dedicated oscillation signal Pdl , Pd2 and Pd3 is 
produced for each phase in the power supply system. 

10 This is done by providing three changeover switches Ul , 
U2 and U3 and three memory elements Spi, Sp2 and Sp3 . 
The connecting lines between the individual units in 
the layout are designed with three poles. The phase 
current and phase voltage sample values i and u of all 

15 three phases are supplied to a unit for impedance 
determination lb, at whose output phase impedance 
values Z are output for the three phases. These phase 
impedance values Z are supplied via the changeover 
switches Ul, U2 and U3 to an oscillation identification 

20 unit Pe. The oscillation identification unit Pe uses 
the time profiles of the phase impedance values Z to 
identify the occurrence of any oscillation in the 
individual phases, for example in phase 1, and emits an 
oscillation set signal Ps at its output for each phase 

25 in which oscillation is identified, for example for the 
phase 1. The oscillation set signal Ps sets the memory 
element associated with the respective phase, for 
example Spl, and this memory element emits at its 
output the phase-specific oscillation signal, for 

30 example, Pdl. When an oscillation signal is being 
emitted, for example the oscillation signal Pdl, the 
changeover switch, for example Ul, associated with the 
respective phase is switched over. The phase impedance 
values Z which are still formed for the phase in which 

35 the oscillation has been identified, for example the 
phase 1, are supplied to an oscillation signal 
resetting unit Pu. This oscillation signal resetting 
unit • Pii identifies that the oscillation has stopped 
and, in this case, emits an oscillation reset signal Pr 
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at its output, which resets the memory element for the 
respective phase, for example Spl . The oscillation 
signal for the respective phase, for example Pdl , . is 
thus also no longer emitted, and the respective 
5 changeover switch, for example Ul , moves back to its 
original position once again. In response to a 
stimulus, a unit for phase selection Pa ensures that 
the phase impedance values of the phases to be 
investigated for oscillation are in each case processed 

10 by the oscillation identification unit Pe and by the 
oscillation signal resetting unit Pu. 

The method of operation of the four units 
comprising impedance determination lb, the oscillation 
identification unit Pe, the oscillation signal 

15 resetting unit Pii and phase selection Pa will be 
explained in more detail in the following text. 

As shown in Figure 2 , the phase current and phase 
voltage sample values i and u are filtered in the 
impedance determination unit lb by means of orthogonal 

20 FIR filters Fl, F2 , F3 and F4 , thus resulting in the 
production of a variable U_re containing the real part 
of the phase voltage sample values, a variable U_im 
containing the imaginary part of the phase voltage 
sample values, a variable I_re containing the real part 

25 of the phase current sample values, and the variable 
I_im containing the imaginary part of the phase current 
sample values. 

Figure 3 shows the impulse responses of the 
filters Fl to F4 , with the impulse response of the 

3 0 filters Fl and F3 which determine the real parts being 
annotated "o", and the impulse response of the filters 
F2 and F4 which determine the imaginary parts, being 
annotated "+". 

As shown in Figure 2, following this, a phase real 

3 5 power variable P is calculated in accordance with 
equation (1) below and a phase wattless component 
variable Q is calculated in accordance with equation 
(2) in the unit 5, and a squared phase current 
amplitude variable I^ is calculated in accordance with 



equation (3) in the unit 6. 



p = U_re • I_re - U_im-I_um (1) 
Q = U_im-I_re + U_im-I_re (2) 
= I_re-I_re + I_im-I_im (3) 

After this, the phase real power variable P, the 
phase wattless component variable Q and the squared 
phase current amplitude variable are filtered in 

units 7 and 8 in order to remove the interference 5 0 Hz 
components contained in these variables; this results 
in the filtered variables P', Q* and The least 

squares estimation method used for this filtering will 
be explained in detail further below - 

The upper illustration a) in Figure 4 shows the 
profile of the real power variable P, and the lower 
illustration b) shows the profile of the Wattless 
component variable Q, before filtering by means of the 
least squares estimation method, in each case plotted 
against the time t. 

The upper illustration a) in Figure 5 shows the 
profile of the real power variable P', and the lower 
illustration b) shows the profile, of the Wattless 
component variable Q*, after filtering by means of the 
least squares estimation method. It can clearly be 
seen that the 50 Hz components have been removed. 

As shown in Figure 2, after the filtering in the 
unit 9, phase resistance values R and phase reactance 
values X are determined in accordance with equation 
(4) , and the phase impedance values Z=R+jX determined 
from them are emitted at the output of the impedance 
determination unit lb. 

R=P'/l2t X=:Q»/I^' (4) 

A least squares estimation method using a signal 
model in accordance with equation (5) is applied 
. separately to each of the variables P, Q and in 
order to filter out the 5 0 Hz components included in 
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the phase real power variable in the phase Wattless 

component variable Q and in the squared phase current 
amplitude variable I^. 

_t_ 1 
y, =A e ^•sin(cOok T^) + B e ^ .cos(cOok T^) + C (5) 

5 

The estimation method uses the squared phase 
current amplitude variable 1^ , the phase real power 
variable P and the phase Wattless component variable Q 

10 to calculate the parameters A, B and C in the signal 
model. The parameter C gives the sought magnitude of 
the phase real power variable P', of the phase Wattless 
component variable Q* and of the squared phase current 
amplitude variable ' . The summands with the 

15 parameters A and B model the 50 Hz components. The 
variable coo is the frequency (50 Hz) to be filtered 
out, and Ta is the sampling time. 

If an equivalent circuit with two generator 
machines at the ends of a power transmission line is 

2 0 considered for the power supply system, the amplitude 

of the 50 Hz components decays with the time constants 
X of the sum impedance between the two generator 
machines in accordance with equation (6) , where L is 
the loop inductance and R is the loop resistance of the 
25 circuit which is closed via the two generator machines. 

.= S£ ,6, 

The coefficients A, B and C are determined such 

3 0 that the sum of the squares of the errors between 

values y determined from the phase current and phase 
voltage sample values i and u and the sample values yk 
calculated in accordance with equation (5) becomes a 
minimum (see equation (7) ) . 



35 
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(7) 



In equation (7) , J represents the Q-criterion to 
be minimized. The signal model included in equation (5) 
5 is used as the function h (0k) . The parameters A, B and 
C to be determined form a vector 0k in accordance with 
equation (8) . 



The Q-criterion J is derived based on the 
parameter vector 0k in order to solve the minimization 
task. For the signal model in accordance with equation 
(5) , this then results in eiquation (9) together with 
15 equation (10). 




(8) 



10 



0= S2x;(yj-Y ©0 



(9) 





(10) 



1 



If equation (9) is solved for the vector ©k, then 
this results in equation (11) , by means of which, and 
using the matrix Sk included in equations (12) and 
(13) , the vector ©k is determined. 

(12) 

cos(^iT,] e "^ 1 

(13) 




Of the parameters A, B and C included in the 
vector ©k, only the parameter C is evaluated. The 
10 vectors accordance with equation (10) and the 

matrix Sk in accordance with equation (13) are 
calculated and are stored as constants, so that they 
are available when the method is used. 

Monotony criteria are applied to the locus curves 

15 of the impedance values in the impedance plane in the 
oscillation identification unit Pe, in order to 
identify the oscillation process. This method for 
identification of the oscillation process is described 
in German Patent DE 197 46 719 CI. 

20 The oscillation signal resetting unit Pu 

determines whether an oscillation which has already 
been identified is still continuing. The procedure used 
for this purpose comprises the production of an 
oscillation model for phase impedance values Z 

25 associated . with the oscillation. A check is then 
carried out to determine whether the locus curve which 
is described by the newly determined phase impedance 
values Z still corresponds to the oscillation model. 
When producing the oscillation model, it is assumed 



that the locus curve is free of discontinuities, and 
that its direction changes slowly. In the present 
exemplary embodiment, the locus curve is described by a 
first order power function, that is to say by a linear 
equation, in accordance with equation (14) . 

X(R)=m-R+Xo (14) 

The parameters m and XO are determined by means of 
a non- recursive least squares estimation method from 
the last N determined phase impedance values Z. 

The linear equation is used as a model rule for 
the least squares estimation method, with the parameter 
m characterizing the gradient, and the parameter XO 
characterizing the offset of the linear equation. The 
parameters m and XO for the model in accordance with 
equation (14) are determined from the last determined 
value pairs (Ri, Xi) of the phase impedance values Zi 
such that the sum of the squares of the errors between 
the values Xi determined from the measured phase 
current and phase voltage sample values i and u and the 
values X calculated in accordance with equation (14) is 
a minimum (see equation (15) ) . 



In equation (15) , J is the Q-criterion to be 
minimized, the model rule in accordance with equation 
(14) is used as the function h(0k). In accordance with 
equation (16) , the parameter vector ©k contains the 
parameters m and XO, to be determined, from the model 
rule . 



(15) 




(16) 



In order to solve the minimization task, the Q- 
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criterion J is derived on the basis of the parameter 
vector 0k . The following equations (17) and (18) are 
then obtained for the signal model in accordance with 
equation (14) : 




(18) 



If equation (17) is solved for the parameter 

vector 0k, then this results in equation (19) for 

10 determining the parameter vector ©k- 

where 
15 

After substitution of the parameters in equation 
(14), this results in the estimated oscillation model. 
If a newly determined phase impedance value Z 
corresponds to the oscillation model. That is, it is 

20 within a tolerance band around the linear equation 
represented by equation (14) , then this identifies that 
the oscillation is continuing. If the newly determined 
phase impedance value Z is outside the tolerance band, 
then this identifies that the oscillation has stopped, 

25 and an oscillation reset signal Pr is emitted at the 
output of the oscillation signal resetting unit Pii for 
the memory element Spl, Sp2 or Sp3 for the respective 
phase . 

The phase selection unit Pa receives a stimulus 
30 from, . for example, a distance protection device which 
is not illustrated. Depending on the nature of the 



(19) 
(20) 
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stimulated loop, it determines the phases for which the 
oscillation identification unit Pe and/or the 
oscillation signal resetting unit Pu should investigate 
the oscillation behavior. The following table shows the 
5 association between the stimulated loops and the 
phases . 



Stimulated loops 


Phases to be investigated 
for oscillation behavior 


LIE 


LI 


L2E 


L2 


L3E 


L3 


L12 


LI and L2 


L2 3 


L2 and L3 


L31 


LI and L3 



( 
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English Translation 
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Description 

Method for identification of an oscillation in an 
electrical power supply system 



The invention relates to a method for producing at 
least one signal (oscillation signal) , which indicates 
an oscillation in an electrical power supply system, in 
which method the phase current and the phase voltage 

10 are in each case sampled from at least one phase of the 
power supply system, forming phase current and phase 
voltage sample values, impedance values are formed from 
the phase current and phase voltage sample values, the 
impedance values are monitored for the presence of any 

15 oscillation and, if an oscillation is identified, at 
least one memory element is set, and the oscillation 
signal is output at its output, after setting the 
memory element, further impedance values are checked to 
determine whether the oscillation that has been found 

20 is still continuing, the memory element remains 
uninfluenced if the oscillation continues, and the 
memory element is reset if the oscillation has stopped. 

A method such as this is described in German Laid-Open 
25 Specification DE 195 03 626 Al . In this method, once 
the memory element has been set, further impedance 
values are checked to determine whether the oscillation 
that has been found is still continuing, by determining 
the rate of change of the magnitude of respectively 
30 successive impedance values and, if it is found that 
the rate of change is above a limit value, this 
identifies that the oscillation has stopped, and the 
memory element is reset. It has been found to be 
difficult to define such a limit value, particularly 
3 5 when a large number of generators are connected in the 
power supply networks, and complex oscillations can 
thus occur . 



5 
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The invention is based on the object of specifying a 
method by means of which the oscillation behavior of an 
electrical power supply system can be detected safely 
and reliably at all times. 

For a method of the type mentioned initially, this 
object is achieved according to the invention in that 
the check of the further impedance values makes use of 
an oscillation model which is formed from previous 
impedance values associated with the oscillation, or 
from variables which are dependent on these impedance 
values; a check is then carried out to determine 
whether a further impedance value formed at that time 
or a variable which is dependent on this further 
impedance value differs from the oscillation model, and 
any occurrence of a further impedance value or of a 
variable dependent on this impedance value which 
differs from the oscillation model is assessed as the 
oscillation having stopped. 

One major advantage of the method according to the 
invention is that the oscillation model allows even 
complex oscillations to be described, and it is thus 
possible to identify that the oscillation has stopped 
with a high level of reliability even in the case of 
such complex oscillations. 

The oscillation model can advantageously be determined 
by means of a least squares estimation method. This 
estimation method allows a mathematical oscillation 
model to be produced from successive impedance values 
which have been formed after the setting of the memory 
element, that is to say after the start of the 
oscillation. 

A function in the form f (x) = ax^+bx^+cx+d with the 
parameters a, b, c and d can be used as the model rule 
for this oscillation model, in which one or more 
parameters can be defined to be zero before the start 
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of the estimation method. First, second or third order 
power functions can thus be used as the model rule. 
Furthermore, a sum of sine and cosine functions, which 
decay with time, can be used as the model rule for the 
5 oscillation model. These model rules make it possible 
to describe even complex oscillations mathematically. 

The oscillation model can be formed directly for the 
determined impedance values of the oscillation, or else 

10 for variables dependent on these impedance values. 
Resistance values R, reactance values X, time 
derivative values dZ/dt of the impedance, time 
derivative values dR/dt of a resistance or time 
derivative values dx/dt of a reactance can be used as 

15 dependent variables . Choice of the most suitable 
variable for the oscillation model makes it possible to 
determine with a high level of reliability that the 
oscillation has stopped, with the choice of the 
variable being dependent on the individual system 

20 configuration of the electrical power supply system. 

In one advantageous embodiment of the invention, 
positive phase sequence system impedance values can be 
formed from the phase current and phase voltage sample 

25 values, and a common memory element can be provided, 
and a common oscillation signal can be produced, for 
all the phases in the power supply system. This variant 
can be used when the aim is to make a statement 
relating to any oscillation occurring at the same time 

30 in all the phases in the power supply system. 

In a further advantageous embodiment of the method 
according to the invention, phase impedance values are 
formed from the phase current and phase voltage sample 
35 values of each phase of the power supply system to be 
investigated for oscillation, and a dedicated memory 
element is provided, and a dedicated oscillation signal 
is produced, for each of these phases. In this 
embodiment, the oscillation response of each individual 



phase in the power supply system can be investigated 
separately, that is to say both the starting and the 
stopping of an oscillation are identified. This is 
particularly advantageous when oscillations occur in 
only a single phase, but not in all the phases, in the 
power supply system. Oscillations such as these 
frequently occur in the case of so-called single-pole 
pauses in high-voltage systems. Single-pole pauses are 
produced by single-pole conductor ground faults, which 
can be expected frequently in high- voltage systems, and 
in which an arc is struck between one conductor and 
ground. In this type of fault, a single-pole pause is 
produced that is to say the single phase in which the 
single-pole conductor-ground fault has occurred is 
switched off briefly. The arc is thus quenched, and the 
fault is frequently corrected. Switching off a single 
pole of one phase can result in oscillations occurring 
in the remaining phases which are not switched off. 
These oscillations cannot be identified, for example, 
by monitoring the positive phase sequence system 
impedance values, since positive phase sequence system 
impedance values can be formed only when sample values 
are available for all the phases in the power supply 
system. In the case of a single-pole pause, it is now 
highly advantageous to be able to produce a dedicated 
oscillation signal for each phase in the power supply 
system; during the single-pole pause, this oscillation 
signal is produced only for those phases which are not 
switched off. The oscillation behavior of the power 
supply system can thus be determined individually for 
each phase, and independently of the state of the other 
phases . 

The phase impedance values of the individual phases in 
the electrical power supply system can, for example, be 
formed by, in order to form the phase impedance values, 

a variable U_re containing the real part of the 
phase voltage sample values, a variable U_im containing 
the imaginary part of the phase voltage sample values. 
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a variable I_re containing the real part of the phase 
current sample values and a variable I__ini containing 
the imaginary part of the phase current sample values 
being formed from the phase current and phase voltage 
5 sample values (i, u) for each phase, 

a phase real power variable P being determined 

from P = U_re-I_re - U_im-I_im 

a phase wattless component variable Q being 
determined from Q = U_im-I_re + U_im-I_re 

10 - a squared phase current amplitude variable 
being determined from = I_re-I_re + I_im-I_im 
system- frequency components in each case being 
removed by means of least squares estimation 
method from the phase real power variable P, from 

15 the phase wattless component variable Q and from 

the squared phase current amplitude variable 1^ , 
and 

phase resistance values R being determined from 
R=P/I^ and phase reactance values X being 

2 0 determined from X=Q/l^, and phase impedance values 

Z=R+jX being thus determined. 

When forming the phase impedance values, it is 
particularly advantageous to remove the system 
25 frequency components (for example 50 Hz components) 
from the phase real power variable P, from the phase 
wattless component variable Q and from the squared 
phase current amplitude variable by means a least 

squares estimation method in each case. Such system 

3 0 frequency interference components would adversely 

affect the evaluation of the phase impedance values 
determined from these variables. 

In order to explain the invention further. Figure 1 
35 shows a block diagram of an exemplary embodiment of the 
method according to the invention. Figure 2 shows a 
block diagram for determining the phase impedance 
values. 
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Figure 3 shows the impulse response of the filters used 
for impedance determination. 

Figure 4 shows the real power and wattless component 
5 variable profiles before filtering, and 

Figure 5 shows the real power and wattless component 
variable profiles after filtering. 

10 Figure 1 shows, schematically, a method for determining 
the oscillation behavior of a three-phase electrical 
power supply system, by means of which a dedicated 
oscillation signal Pdl, Pd2 and Pd3 is produced for 
each phase in the power supply system. This is done by 

15 providing three changeover switches Ul , U2 and U3 and 
three memory elements Spi , Sp2 and Sp3 ; the connecting 
lines between the individual units in the layout are 
designed with three poles. The phase current and phase 
voltage sample values i and u of all three phases are 

2 0 supplied to a unit for impedance determination lb, at 
whose output phase impedance values Z are output for 
the three phases. These phase impedance values Z are 
supplied via the changeover switches Ul, U2 and U3 to 
an oscillation identification unit Pe . The oscillation 

25 identification unit Pe uses the time profiles of the 
phase impedance values Z to identify the occurrence of 
any oscillation in the individual phases, for example 
in phase 1, and emits an oscillation set signal Ps at 
its output for each phase in which oscillation is 

30 identified, for example for the phase 1. The 
oscillation set signal Ps sets the memory element 
associated with the respective phase, for example Spl, 
and this memory element emits at its output the phase- 
specific oscillation signal, for example, Pdl . When an 

35 oscillation signal is being emitted, for example the 
oscillation signal Pdl, the changeover switch, for 
example Ul , associated with the respective phase is 
switched over. The phase impedance values Z which are 
still formed for the phase in which the oscillation has 
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been identified, for example the phase 1, are supplied 
to an oscillation signal resetting unit Pii. This 
oscillation signal resetting unit Pii identifies that 
the oscillation has stopped and, in this case, emits an 
5 oscillation reset signal Pr at its output, which resets 
the memory element for the respective phase, for 
example Spl . The oscillation signal for the respective 
phase, for example Pdl , is thus also no longer emitted, 
and the respective changeover switch, for example Ul , 

10 moves back to its original position once again. In 
response to a stimulus, a unit for phase selection Pa 
ensures that the phase impedance values of the phases 
to be investigated for oscillation are in each case 
processed by the oscillation identification unit Pe and 

15 by the oscillation signal resetting unit Pii. 

The method of operation of the four units comprising 
impedance determination lb, the oscillation 

identification unit Pe, the oscillation signal 
2 0 resetting unit Pii and phase selection Pa will be 
explained in more detail in the following text. 

As shown in Figure 2 , the phase current and phase 
voltage sample values i and u are filtered in the 

2 5 impedance determination unit lb by means of orthogonal 

FIR filters Fl, F2 , F3 and F4 , thus resulting in the 
production of a variable U_re containing the real part 
of the phase voltage sample values, a variable U__im 
containing the imaginary part of the phase voltage 

3 0 sample values, a variable I_re containing the real part 

of the phase current sample values, and the variable 
I_im containing the imaginary part of the phase current 
sample values . 

35 Figure 3 shows the impulse responses of the filters Fl 
to F4, with the impulse response of the filters Fl and^ 
F3 which determine the real parts being annotated "o" , 
and the impulse response of the filters F2 and F4 which 
determine the imaginary parts, being annotated "+". 
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As shown in Figure 2, following this, a phase real 
power variable P is calculated in accordance with 
equation (1) below and a phase wattless component 
5 variable Q is calculated in accordance with equation 
(2) in the unit 5, and a squared phase current 
amplitude variable is calculated in accordance with 

equation (3) in the unit 6. 

P = U_re • I_re - U_im ■ I_um ( 1 ) 

Q = U_im-I_re + U_im-I_re (2) 
= I_re-I_re + I_im-I_im (3) 

10 

After this, the phase real power variable P, the phase 
wattless component variable Q and the squared phase 
current amplitude variable are filtered in units 7 

and 8 in order to remove the interference 50 Hz 
15 components contained in these variables; this results 
in the filtered variables P', Q' and I^'. The least 
squares estimation method used for this filtering will 
be explained in detail further below . 

2 0 The upper illustration a) in Figure 4 shows the profile 
of the real power variable P, and the lower 
illustration b) shows the profile of the Wattless 
component variable Q, before filtering by means of the 
least squares estimation method, in each case plotted 

25 against the time t. 

The upper illustration a) in Figure 5 shows the profile 
of the real power variable P', and the lower 
illustration b) shows the profile of the Wattless 
30 component variable Q', after filtering by means of the 
least squares estimation method; it can clearly be seen- 
that the 50 Hz components have been removed. 

As shown in Figure 2, after the filtering in the unit 
35 9, phase resistance values R and phase reactance values 
X are determined in accordance with equation (4) , and 
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the phase impedance values Z=R+jX determined from them 
are emitted at the output of the impedance 
determination unit lb. 

R=P'/I^' X=Q'/I^' (4) 

5 

A least squares estimation method using a signal model 
in accordance with equation (5) is applied separately 
to each of the variables P, Q and in order to filter 
out the 5 0 Hz components contained in the phase real 
10 power variable P, in the phase Wattless component 
variable Q and in the squared phase current amplitude 
variable I^. 

JL -- 
y, =A e ^ •sm((Ook T^) + B e'^ cos((Ook T^) + C (5) 

15 

The estimation method uses the squared phase current 
amplitude variable 1^ , the phase real power variable P 
and the phase Wattless component variable Q to 
calculate the parameters A, B and C in the signal 

20 model. The parameter C gives the sought magnitude of 
the phase real power variable P', of the phase Wattless 
component variable Q' and of the squared phase current 
amplitude variable • . The summands with the 

parameters A and B model the 50 Hz components. The 

25 variable coo is the frequency (50 Hz) to be filtered 
out, and Ta is the sampling time. 

If an equivalent circuit with only two generator 
machines at the ends of a power transmission line is 

3 0 considered for the power supply system, the amplitude 
of the 5 0 Hz components decays with the time constants 
T of the sum impedance between the two generator 
machines in accordance with equation (6), where L is 
the loop inductance and R is the loop resistance of the 

35 circuit which is closed via the two generator machines. 
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The coefficients A, B and C are determined such that 
the sum of the squares of the errors between values y 
5 determined from the phase current and phase voltage 
sample values i and u and the sample values yk 
calculated in accordance with equation (5) becomes a 
minimum (see equation (7) ) . 



In equation (7) , J represents the Q-criterion to be 
minimized. The signal model included in equation (5) is 
used as the function h(0k). The parameters A, B and C 
15 to be determined form a vector ©k in accordance with 
equation (8) . 



2 0 The Q-criterion J is derived based on the parameter 
vector ©k in order to solve the minimization task. For 
the signal model in accordance with equation (5) , this 
then results in equation (9) together with equation 
(10) . 



j= i:(yi-h(0ic)r-^MiN 



(7) 



10 



0, = B 



(8) 




25 



0- t2Y:(y.-Ye,) 



(9) 





(10) 
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If equation (9) is solved for the vector 0k, then this 
results in equation (11) / by means of which, and using 
the matrix included in equations (12) and (13) , the 
vector ©k is determined. 

5 

0k=si^i:Y>i (11) 




(13) 



Of the parameters A, B and C contained in the vector 
©k, only the parameter C is evaluated. The vectors 

10 in accordance with equation (10) and the matrix Sk in 
accordance with equation (13) are calculated and are 
stored as constants, so that they are available every 
time the method is used. 

15 Monotony criteria are applied to the locus curves of 
the impedance values in the impedance plane in the 
oscillation identification unit Pe, in order to 
idefntify the oscillation process. This method for 
identification of the oscillation process is known per 

20 se, and is described in German Patent DE 197 46 719 CI. 



The oscillation signal resetting unit Pii determines 
whether an oscillation which has already been 
identified is still continuing. The procedure used for 
25 this purpose comprises the production of an oscillation 
model for phase impedance values Z associated with the 
oscillation. A check is then carried out to determine 
whether the locus curve which is described by the newly 
determined phase impedance values Z still corresponds 
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to the oscillation model. When producing the 
oscillation model, it is assumed that the locus curve 
is free of discontinuities, and that its direction 
changes only very slowly. In the present exemplary 
5 embodiment, the locus curve is described by a first 
order power function, that is to say by a linear 
equation, in accordance with equation (14) . 

X(R)=m-R+Xo (14) 

10 The parameters m and XO are determined by means of a 
non-recursive least squares estimation method from the 
last N determined phase impedance values Z. 

The linear equation is used as a model rule for the 
15 least squares estimation method, with the parameter m 
characterizing the gradient, and the parameter XO 
characterizing the offset of the linear equation. The 
parameters m and XO for the model in accordance with 
equation (14) are determined from the last determined 
20 value pairs (Ri, Xi) of the phase impedance values Zi 
such that the sum of the squares of the errors between 
the values Xi determined from the measured phase 
current and phase voltage sample values i and u and the 
values X calculated in accordance with equation (14) is 
25 a minimum (see equation (15) ) . 



In equation (15) , J is the Q-criterion to be minimized, 
the model rule in accordance with equation (14) is used 
30 as the function h (0k) - In accordance with equation 
(16) , the parameter vector 0k contains the parameters m 
and XO, to be determined, from the model rule. 



(15) 




(16) 



35 
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In order to solve the minimization task, the Q- 
criterion J must be derived on the basis of the 
parameter vector ©k. The following equations (17) and 
(18) are then obtained for the signal model in 
accordance with equation (14) : 

0= t^r]{x>-hie,X) (17) 



^' ae, li 



(18) 



If equation (17) is solved for the parameter vector 0k, 
10 then this results in equation (19) for determining the 
parameter vector Qv . 

where 



R. 1 



(21) 



After substitution of the parameters in equation (14) , 
this thus results in the estimated oscillation model. 
If a newly determined phase impedance value Z 
corresponds to the oscillation model, that is to say it 

20 is within a tolerance band around the linear equation 
represented by equation (14) , then this identifies that 
the oscillation is continuing. If the newly determined 
phase impedance value Z is outside the tolerance band, 
then this identifies that the oscillation has stopped, 

25 and an oscillation reset signal Pr is emitted at the 
output of the oscillation signal resetting unit Pii for 
the memory element Spl, Sp2 or Sp3 for the respective 
phase . 



30 The phase selection unit Pa receives a stimulus from, 
for example, a distance protection device which is not 
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illustrated. Depending on the nature of the stimulated 
loop, it determines the phases for which the 
oscillation identification unit Pe and/or the 
oscillation signal resetting unit Pu should investigate 
5 the oscillation behavior. The following table shows the 
association between the stimulated loops and the 
phases . 



Stimulated loops 


Phases to be investigated 
for oscillation behavior 


LIE 


LI 


L2E 


L2 


Ij3E 


L3 


L12 


LI and L2 


L.23 


L2 and L3 


Ij31 


LI and L3 
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Patent claims 

1. A method for producing at least one signal 
(oscillation signal Pd) , which indicates an oscillation 
in an electrical power supply system, in which method 

the phase current and the phase voltage are in 
each case sampled from at least one phase of the 
power supply system, forming' phase current and 
phase voltage sample values (i, u) , 

impedance values are formed from the phase current 
and phase voltage sample values, 

the impedance values are monitored for the 
presence of any oscillation and, if an oscillation 
is identified, at least one memory element (Sp) is 
set, and the oscillation signal (Pd) is output at 
its output, 

after setting the memory element (Sp) , further 
impedance values are checked to determine whether 
the oscillation that has been found is still 
continuing, 

the memory element (Sp) remains uninfluenced if 
the oscillation continues, and the memory element 
is reset if the oscillation has stopped, 
characterized in that 

the check of the further impedance values makes 
use of an oscillation model which is formed from 
previous impedance values associated with the 
oscillation, or from variables which are dependent 
on these impedance values, 

a check is carried out to determine whether a 
further impedance value formed at that time or a 
variable which is dependent on this further 
impedance value differs from the oscillation 
model, and 

any occurrence of a further impedance value or of 
a variable dependent on this impedance value which 
differs from the oscillation model is assessed as 
the oscillation having stopped. 
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2. The method as claimed in claim 1, 
characterized in that 

the oscillation model is determined by means of a least 
squares estimation method. 

3. The method as claimed in claim 2, 
characterized in that 

- ' a function in the form f (x) =ax^-i-bx^+cx+d with the 
parameters a, b, c and d, for which one or more 
parameters can be defined to be zero from the 
start , 
or 

a sum of decaying sine and cosine functions 
is used 

as the model rule for the oscillation model. 

4. The method as claimed in one of claims 1 to 3 , 
characterized in that 

resistance values (R) are used as the variable 
dependent on the impedance values . 

5. The method as claimed in one of claims 1 to 3 , 
characterized in that 

reactance values (X) are used as the variable dependent 
on the impedance values. 

6. The method as claimed in one of claims 1 to 3 , 
characterized in that 

time derivative values (dZ/dt) of the impedance are 
used as the variable dependent on the impedance values. 

7. The method as claimed in one of claims .1 to 3, 
characterized in that 

time derivative values (dR/dt) of a resistance are used 
as the variable dependent on the impedance values . 

8. The method as claimed in one of claims 1 to 3 , 
characterized in that 

time derivative values (dX/dt) of a reactance are used 
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as the variable dependent on the impedance values . 

9. The method as claimed in one of claims 1 to 8, 

characterized in that 

positive phase sequence system impedance values are 
formed from the phase current and phase voltage sample 
values (i, u) , and a common memory element (Sp) is 
provided, and a common oscillation signal (Pd) is 
produced, for all the phases in the power supply 
system. 

10. The method as claimed in one of claims 1 to 8 , 
characterized in that 

phase impedance values are formed from the phase 
current and phase voltage sample values (i, u) of each 
phase of the power supply system to be investigated for 
oscillation, and a dedicated memory element (Sp) is 
provided, and a dedicated oscillation signal (Pd) is 
produced, for each of these phases - 

11. The method as claimed in claim 10, 
characterized in that 

in order to form the phase impedance values, 

a variable U_re containing the real part of the 
phase voltage sample values, a variable U_im containing 
the imaginary part of the phase voltage sample values, 
a variable I_re containing the real part of the phase 
current sample values and a variable I_im containing 
the imaginary part of the phase current sample values 
are formed from the phase current and phase voltage 
sample values (i, u) for each phase. 
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a phase real power variable P is determined from 
P = U_re-I_re - U_im-I_im 

a phase Wattless component variable Q is 

determined from Q = U_im-I_re + U_im- I_re 

a squared phase current amplitude variable is 

determined from = I_re • I_re + l_im-I_im 

system- frequency components are in each case 

removed by means of a least squares estimation 

method from the phase real power variable P, from 

the phase wattless component variable Q and from 

the squared phase current amplitude variable 1^ , 

and 

phase resistance values R are determined from 
R=P/I^ and phase reactance values X are determined 
from X^Q/l^r and phase impedance values Z=R+jX are 
thus determined. 



Abstract 

Method for identification of an oscillation in an 
electrical power supply system 

The invention relates to a method for producing at 
least one signal (oscillation signal) , which indicates 
an oscillation in an electrical power supply system. In 
order to allow the oscillation behavior of an 
electrical power system to be detected safely and 
reliably at all times, an oscillation model is used 
which is formed from previous impedance values 
associated with the oscillation, or from variables 
dependent on these impedance values. A check is carried 
out to determine whether a further impedance value 
formed at that time or a variable which is dependent on 
this further impedance value differs ^from the 
oscillation model, and any occurrence of a further 
impedance value or of a variable dependent on this 
impedance value which differs from the oscillation 
model is assessed as the oscillation having stopped. 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Volimacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den inn Nachstehenden nach 
meinem Nannen aufgefOhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) Oder eIn ursprunglicher, erster und 
MIterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung nr?it dem Titel: 



Verfahren 



2um 



Erkennen 



emer 



Pendelunq in einem elektrischen 



Enerqieversorqungsnetz 



deren Beschreibung 

(zutreffendes ankreuzen) 
I I hier beigefugt ist. 
lEI am 27.09.2000 als 
PCT Internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am . 



10/089.550 



abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Ahspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch. Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten. Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fiir ein Patent Oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fCir die Priohtat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



METHOD FOR RECOGNIZING AN 



OSCILLATION IN AN ELECTRIC 



SUPPLY NETWORK 



the specification of which 

(check one) 

□ is attached hereto. 

M was filed on 27.09.2000 



as 



PCT international application 

PCT Application No. 10/089.550 

and was amended on 



(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37. Code of Federal Regulations, 
§1. 56(a), 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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German Language Declaration 


Prior foreign appplications 
Prioritat beansprucht 




Prioritv Claimed 


19948694.8 DE 


30.09.1999 




(Number) (Country) 
(Nummer) (Land) 


(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefulirten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeidung nicht in einer frQheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der ZlvilprozeUordnung 
der Vereinigten Staaten. Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeidung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeidung 
bekannt geworden sind. 


1 hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1 .56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


10/089.550 


27.09,2000 


anhanqiq oendina 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D. M. Y) 
(Anmeldedatum T, M, J) 


(Status) (Status) 
(patentiert. anhangig. (patented, pending, 
aufgegeben) abandoned) 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D.M.Y) 
(Anmeldedatum T, M; J) 


(Status) (Status) 
(patentiert, anhdngig. (patented, pending, 
aufgeben) abandoned) 


Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentllch und 
vorsatziich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen. und dass derartig 
wissentlich und vorsatziich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf ertellten Patentes gefahrden konnen. 


1 hereby declare that all statements made herein of my 
own knowledge are true and that ail statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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Customer No. 25227 



Voller Name des einzigen oder ursprunglichen Erfinders: 
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Unterschrift des Erfinders /7 Datum 
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